Abstract: Especially for cannabinoids, analytical procedures for the verification of recent use and generally for the assessment of the extent of drug abuse are of interest in clinical and forensic toxicology. For confirmation of abstinence, urine analysis seems to be a useful tool. Serial monitoring of THC-COOH to creatinine ratios can differentiate between recent drug use and residual THC-COOH excretion (THC-COOH/creatinine ratio Z0.5 compared with previous specimen ratio). For an assessment of the extent of cannabis use, the determination of free and bound THC-COOH and especially of THC and 11-OH-THC glucuronides are suggested as useful but need further confirmation. Blood analysis is preferred for the interpretation of acute effects after cannabis abuse. The cannabis influence factor (CIF) was demonstrated as a better tool to interpret the concentrations of THC and its metabolites in blood in forensic cases and therefore it was proposed to assume absolute driving inability because of cannabis intoxication from a CIF Z10. Additionally, a higher CIF is indicative of a recent cannabis abuse. Also discrimination between occasional use of cannabis and regular drug consumption is possible by analysis of THC-COOH in blood samples because of the long plasma half-life of THC-COOH and its accumulation in the blood of frequent cannabis consumers. In routine tests, blood samples have to be taken within a prescribed 8-day-period, and a THC-COOH concentration >75 ng/mL is assumed to be associated with regular consumption of cannabis products, whereas plasma THC-COOH concentrations <5 ng/mL are associated with occasional consumption. In contrast to other illicit drugs, hair analysis lacks the sensitivity to act as a detector for cannabinoids. THC and especially the main metabolite THC-COOH have a very low incorporation rate into hair and THC is not highly bound to melanin, resulting in much lower concentrations in hair compared with other drugs. Additionally, THC is present in cannabis smoke and also can be incorporated into the hair only by contamination. For the determination of the main metabolite THC-COOH in the picogram or femtogram per milligram range, which indicates an active consumption, special analytical procedures, such as GC/MS/MS techniques, are required.
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Key Words: cannabinoids, urine analysis, blood analysis, hair analysis, cannabis influence factor, chronic use C annabis has been self-administrated for its psychoactive effects for many centuries. Currently, cannabis products are the most highly used illicit substances around the world. Government, private industry, and other organizations have implemented rigorous testing programs to discourage use of cannabis and to document abstinence and/or detect recurrent use in previously identified offenders. Other than abstinence control, discrimination between light and heavy users can be necessary for further measures. The implications of positive tests in these settings include loss of employment or driving licence, fines, or imprisonment. Therefore, correction for any factor that might produce a false interpretation of a test result must be performed. Drug detection times depend mainly on the dose and sensitivity of the method used, but also on the preparation and route of administration, duration of use (acute or chronic), matrix that is analyzed, molecule or metabolite sought, pH and amount of the matrix, and finally the interindividual variation in metabolism. With respect to pharmacokinetic and substance-specific data of cannabinoids, the implications of urine, blood, and hair analysis are discussed. purposes, which is excreted into the urine mainly as a glucuronic acid conjugate (Fig. 1) .
Absorption
After inhalation, THC is detectable in plasma only seconds after the first puff of a cigarette with peak plasma concentrations being reached in 3 to 10 minutes after onset of smoking. [4] [5] [6] [7] [8] Bioavailability varies according to depth of inhalation, puff duration, and breathhold. Approximately 30% of THC is assumed to be destroyed by pyrolysis. A systemic bioavailability of 23 ± 16%
6 and 27 ± 10% 9 for heavy users versus 10 ± 7% and 14 ± 1% for occasional users of the drug was reported.
After oral use, absorption is slow resulting in maximal THC plasma concentrations usually after 1 to 2 hours 7, 10 ; in some cases maximal plasma concentrations were observed as late as 4 to 6 hours, 7, 11 and several subjects showed more than one plasma peak. An extensive first-pass liver metabolism reduces the oral bioavailability of THC to 6% ± 3% (range, 4-12%). 7 
Distribution
Approximately 90% of THC in the blood is distributed in the plasma and another 10% in red blood cells. 12, 13 For interpretation of blood analysis results, it has to be taken into account that plasma cannabinoid concentrations are approximately twice those found in whole blood samples because of the low partition coefficient of the drug into erythrocytes. [14] [15] [16] [17] Of plasma THC 95% to 99% is bound to plasma proteins, mainly to lipoproteins and less to albumin. Because of the high protein-binding complicating initial disposition, the initial volume of distribution of THC is small for a lipophilic drug. It was reported to be 2.55 ± 1.93 L in drug-free users and 6.38 ± 4.1 L in regular users. 18 The steady-state volume of distribution has been estimated to be approximately 10 L/kg. 10, 18, 19 THC rapidly penetrates highly vascularized tissues resulting in a rapid decrease in plasma concentration. 20 However, intensive accumulation occurs in less vascularized tissues and finally in body fat, [21] [22] [23] which represents the major long-term storage site, resulting in concentration ratios between fat and plasma of up to 10 4 :1. 24 The exact composition of the material accumulated in fat is still unknown; a substantial proportion seems to consist of fatty acid conjugates of 11-OH-THC. 25, 26 Metabolism THC is mainly metabolized in the liver by microsomal hydroxylation and oxidation catalyzed by enzymes of the cytochrome P450 (CYP) complex. Average plasma clearance rates have been reported to be 11.8 ± 3 L per hour for women and 14.9 ± 3.7 L per hour for men. 10 Others have determined mean clearance rates of approximately 36 L per hour for naive cannabis users and approximately 60 L per hour for regular users.
Time Course of Plasma Concentrations
The course of plasma THC concentrations after inhalation resembles that after intravenous administration. Smoking a single cigarette containing approximately 16 or 34 mg of THC caused average peak concentrations of 84.3 (range, 50-129) ng/mL for the lower dose and 162.2 (range, 76-267) ng/mL for the higher dose, respectively. 4 The THC concentrations rapidly decreased to 1 to 4 ng/mL within 3 to 4 hours. After inhalation, the maximal THC plasma concentration was reported to exceed the maximal THC-COOH concentration by 3-fold and the maximal 11-OH-THC concentration by 20-fold. However, THC/11-OH-THC ratios declined and reached a ratio approximately 2:1 after 2 to 3 hours. Peak concentrations for THC were observed approximately 8 (range, 6-10) minutes after onset of smoking, whereas 11-OH-THC peaked at 15 (range, 9-23) minutes and THC-COOH at 81 (range, 32-133) minutes. After oral administration, maximal THC plasma concentrations were 4.4 to 11 ng/mL for THC 20 mg 7 and 2.7 to 6.3 ng/mL for THC 15 mg.
11 Much higher amounts of 11-OH-THC are formed than with inhalational use, and the ratio of THC and 11-OH-THC plasma concentrations was approximately 2:1 to 1:1.
10
The mean window of detection for THC-COOH in plasma samples was 3.5 (range, 2-7) days after smoking a cigarette containing 16 mg of THC and 6.3 (range, 2-7) days after a 34-mg dose. 4 In 52 volunteers admitted to a detoxification, THC-COOH could be detected in serum from 3.5 to 74.3 hours with initial concentrations between 14 and 49 ng/mL. 27 This was considerably less than the THC-COOH detection time of 25 days in a single chronic user with an initial concentration of 350 ng/mL. 28 
Elimination
Approximately 6 hours after intravenous administration of THC, a pseudoequilibrium is reached between plasma and tissues, 29 and usually the THC concentration in plasma is <2 ng/mL at this time and then decreases more slowly with increasing time from use. The slow elimination is based on the slow rediffusion of THC from body fat and other tissues into the blood. After smoking a low-dose THC cigarette (16 mg), the limit of detection of 0.5 ng/mL of THC in plasma was reached after 7.2 (range, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] hours, and after a high-dose cigarette (35 mg), the limit of detection was reached after 12.5 (range, hours. 4 THC-COOH was detectable for a considerably longer time of 3.5 (range, 2-7) days after the low dose and 6.3 (range, 3-7) days after smoking the high dose. The half-life of the terminal phase (t 1=2b ) ranged from 25 to 36 hours for THC, from 12 to 36 hours for 11-OH-THC, and from 25 to 55 hours for THC-COOH after oral or intravenous administration. 10 However, as in similar reports the plasma concentrations were not measured long enough to determine the half-life accurately. The elimination half-life for THC metabolites from plasma is longer than that for THC itself. In a further study, the mean t 1=2b of THC for frequent users was approximately 19 hours and that of the overall metabolites 53 hours. 18 In a further study, the mean t 1=2b for THC-COOH and conjugated THC-COOH was 5.2 days and 6.8 days, respectively, for the frequent users and 6.2 days and 3.7 days, respectively, for the infrequent cannabis users based on data collected for 12 days. 30 The differences were not statistically significant.
The high lipophilicity of THC, resulting in high tubular reabsorption, explains the low renal excretion of the unchanged drug. Furthermore, excretion is delayed by an extensive enterohepatic recirculation of metabolites and the high protein binding of cannabinoids, resulting in a predominant excretion with the feces. A urinary excretion half-life of THC-COOH of approximately 30 hours was observed with a 7-day monitoring period and of 44 to 60 hours with a 14-day period. 31 Others calculated similar average urinary excretion half-lives of approximately 2 days with a 12-day monitoring period 30 and approximately 3 (range, 0.9-9.8) days when THC-COOH was measured for 25 days. 32 Free THC-COOH is not excreted in significant concentrations; the main compound is the glucuronide of THC-COOH. In a recent study, significant concentrations of neutral cannabinoids were found by using an enzymatic hydrolysis step in the extraction procedure, with THC concentrations peaking at 21.5 (range, 3.2-53.3) ng/mL 2 hours after smoking 27 mg of THC in a cigarette, 11-OH-THC peaking at 77.3 ± 29.7 ng/mL after 3 hours and THC-COOH peaking at 179.4 ng/mL ± 146.9 ng/mL after 4 hours. 33 
Stability of Cannabinoids
A general problem for interpretation of analytical results is the phenomenon that cannabinoid compounds in urine are relatively unstable. Decrease in the urine concentrations of cannabinoids is generally produced as a consequence of degradation processes of oxidation. 34 Storage of urine samples under basic conditions can cause oxidation of phenol to quinone. Others have indicated that the storage temperature is the main factor related to the degradation. Appreciable losses of approximately 22.4% were observed in some urine samples after being stored at room temperature for 10 days. 35 Lower losses were observed when samples were refrigerated for 4 weeks (8.1%). Important mean losses of 8%, 15.8%, and 19.6% were found when urine samples were frozen for 40 days, 1 year, and 3 years, respectively. However, average losses (>5%) could be observed after 1 day, which could be mainly the result of the decrease of solubility of THC-COOH or absorption processes.
Recently it was demonstrated that during storage THC-COOH is liberated from its glucuronide in a timeand temperature-dependent manner with wide interindividual differences. 36, 37 At 201C, a marked change in concentration could be observed within 2 days of storage. A loss in total THC-COOH concentration could be observed and was attributed to decarboxylation of THC-COOH or partially to fungal or bacterial conversion. According to the authors, acidification to pH 5 can help to enhance the stability of analytes; however, liberation of THC-COOH from its glucuronide could not be completely prevented. In general, deep, frozen storage was demanded.
INTERPRETATION OF CANNABINOID CONCENTRATIONS IN URINE, BLOOD, AND HAIR SAMPLES Time Course and Interpretation of Cannabinoid Urine Concentration
Individuals with a history of cannabis abuse are required to submit to random urine drug testing for several reasons (eg, driving ability, family court, workplace drug testing). Several factors can influence the concentrations and the duration of detectability of the urinary THC metabolites. These factors include frequency of cannabinoid usage, timing of specimen collection, body fat content, and degree of urine dilution with positive test results persisting as long as 4 to 5 weeks in some individuals. Furthermore, assay cutoff concentrations and sensitivity and specificity of the immunoassay or chromatographic procedure do affect drug detection times.
In general, immunoassays (IA) are adopted as a preliminary test method in drug testing programs. However, false-positive (or false-negative) results occur from structurally related drugs that are recognized by the antibodies or occasionally by artefacts, such as adulterants affecting pH, detergents, and other surfactants. For this reason, any positive result must be confirmed by a chromatographic technique, preferably with mass spectral identification. Gas chromatography and liquid chromatography coupled with mass spectrometry (GC/MS or LC/MS) are the ''gold standard'' procedures. In some previous studies, the window of detection for THC-COOH or cannabinoids in urine samples was demonstrated with ranges from several days in infrequent users 27, 30, [38] [39] [40] [41] [42] to weeks or months 28, [43] [44] [45] [46] [47] in frequent users (Table 1) . In Figure 2 , the cannabinoid elimination in plasma and urine of a heavy cannabis user is demonstrated. The intermittent urinary elimination with urine is a great problem for verification of abstinence or recent abuse in drug testing programs. Peaks in urine cannabinoid elimination patterns are not necessarily based on a recent abuse of cannabis, as demonstrated by negative results in a simultaneous blood analysis.
Therefore, in some clinical trials verification of abstinence from cannabinoid use after initial identification requires documentation of declining THC-COOH levels during an extended time period. Ellis et al 45 studied the excretion patterns of cannabinoid metabolites after last use. Urine samples were tested daily by the EMIT (Syva Company) cannabinoid assay (cutoff 20 ng/mL) until subjects had 10 consecutive cannabinoid-negative tests. Urine samples from 86 (chronic) users were still cannabinoid-positive for up to 46 (mean, 16) days before the first negative result, and it took up to 77 (mean, 27) days to decrease to less than the 20 ng/mL cutoff for 10 consecutive days. In 52 volunteers admitted to a detoxification program, THC-COOH was detected in urine samples for up to 18 days, when the initial levels in urine were approximately 10 times higher than those reported by Huestis et al. 40 However, such long elimination times were observed only in a few cases, otherwise such extremely long windows of detection also were described in other (single) cases. 28, 44 As explained by Fraser et al 48 the antibodies used in diagnostic kits 15 to 20 years ago cross-reacted with many cannabinoid metabolites excreted in the urine. Furthermore, in several of the earlier studies, the individuals considered to be excreting cannabinoid-positive urine specimens for several weeks or months were not maintained in a secure facility to exclude further drug use. Current studies on cannabinoid metabolite excretion times indicated much shorter metabolite excretion times than earlier publications. 39, 40 Urine samples were screened by a commercially available immunoassay (cutoff 50 ng/mL) followed by confirmation by GC/MS for the major metabolite THC-COOH (cutoff 15 ng/mL). Occasional users of marijuana had positive urine specimens for 72 to 96 hours after receiving the test dose of marijuana. In heavy users, persons remained positive for cannabinoids for 7 to 10 days after the last drug use in the study.
Creatinine corrected THC-COOH levels have been described in a hypothetical example to verify resumption of cannabis abuse. 46, 49 Urine specimens are analyzed for creatinine as an index of urine dilution or potential adulteration by dilution. There are a lot of studies in which examination of a series of absolute values FIGURE 2. Elimination of cannabinoids from serum and urine of a formerly heavy smoker of cannabis (modified according to 28 ). suggested resumption of cannabis use, whereas values normalized to urinary creatinine showed a linear decline with terminal half-lives from 10.8 to 32 days, confirming abstinence from cannabis abuse. However, also in these studies some peaks were observed in urine cannabinoid elimination patterns, and because these were not based on a recent abuse of cannabis, serial monitoring seemed to be necessary. Huestis and Cone 50 reported serial monitoring of THC-COOH to creatinine ratios in >1800, paired, urine specimens. They studied 6 male subjects who had smoked marijuana cigarettes of known strength in a controlled, clinical setting. In urine samples collected at least 24 hours apart, different THC-COOH to creatinine ratios were assessed to determine optimal criteria for differentiating between recent marijuana use and residual metabolites excreted after previous cannabis abuse. The overall prediction accuracy was 85.4% with a 5.6% falsepositive rate and 7.4% false-negative rate when using a normalized THC-COOH to creatinine ratio Z0.5: for testing to be consistent with new cannabis abuse, the second THC-COOH to creatinine ratio must be >50% of the first ratio. In an earlier study, Manno et al 51 recommended a ratio of Z1.5 or 150% of the second versus the first total cannabinoid (EMIT dau) to creatinine ratio. According to an evaluation of this 150% ratio by Huestis and Cone, 50 this ratio was only 74.2% accurate with a 24% false-negative rate and a 0.1% false-positive rate. Fraser and Worth 52 applied both formulas to predict recent use of marijuana and recommended that the Huestis ratio is best for clinical settings because of the lower false-negative rate. The Manno formula was recommended for forensic purposes because it has a lower false-positive rate. However, the Manno formula was based solely on immunoassay rates only and did not include a quantitative (GC/MS) analysis of THC-COOH, which is recommended in forensic cases. In recent studies, the Huestis criteria were successfully applied when monitoring subjects in an uncontrolled setting, with the minimum time period between urine specimens being at least 48 or 96 hours. 53, 54 Smith-Kielland et al 41 studied the urinary excretion of THC-COOH in infrequent and frequent drug users and measured mean excretion half-lives of 1.3 and 1.4 days, respectively. In the latter group, apparent terminal urinary excretion half-lives up to 10.3 days were observed. The last positive specimens were found after 5 days (GC/ MS cutoff, 10.3 ng/mL) and 12 days (EMIT cutoff, 20 ng/ mL) in infrequent users and after 22 and 27 days, respectively, in frequent users. Increases in the immunologic results were sometimes found without concomitant increase in THC-COOH or normalized THC-COOH. However, considerable variations were observed in THC-COOH concentration and normalized THC-COOH without suspicion of a new intake.
There exist some approaches to assess the extent of cannabis use by means of urine analyses. A difference was observed in the excretion of unconjugated THC-COOH between frequent and infrequent users. In infrequent users, no unconjugated THC-COOH was detected in urine samples for the first 8 hours after smoking, whereas this metabolite was detected in the urine from frequent users. 55 In a further procedure for assessing the extent of cannabis use, free and bound THC-COOH as well as free THC and 11-OH-THC and the glucuronides of both compounds were measured in urine samples. 56 Within 4 to 6 days, the concentrations of free and glucuronidated THC-COOH in samples of heavy cannabis users decreased to those ranges present in urine samples of moderate or light users. Free THC or free 11-OH-THC was never found in any sample. In light users, neither THC glucuronide nor 11-OH-THC glucuronide was detectable. The determination of conjugated THC and 11-OH-THC in addition to free and glucuronidated THC-COOH was suggested as an aid in assessing the frequency of cannabis use. However, this procedure is limited to samples obtained within a few days after the last consumption.
Recently, Manno et al 33 measured THC and several metabolites, such as 11-OH-THC and THC-COOH, in hydrolyzed plasma and urine samples of human volunteers in an attempt to determine a time of last drug abuse based on absolute or relative amounts of these analytes. They concluded that urinary concentrations of THC >1.5 ng/mL suggested cannabis use within an 8 hours time frame and indicated that 11-OH-THC declined more gradually than THC. Furthermore they concluded that quantitation of THC-COOH can neither accurately predict the time of the last cannabis use nor suggest any relationship between urine drug concentrations and psychomotor performance.
Time Course and Interpretation of Cannabinoid Plasma Concentration
Individual drug concentrations and ratios of metabolites to THC have been suggested to be potentially useful indicators of recent cannabis use. 11, 57, 58 Generally these attempts have not been successful in predicting the time of exposure with reasonable accuracy. Huestis et al 59 reported on 2 mathematical models that are useful to predict the time of cannabis use. The models are based on THC plasma concentrations (Model I) and THC-COOH/ THC ratios (Model II). Model I was derived from linear regression analysis of plasma THC concentration and elapsed time after marijuana smoking: log h = À 0.698 log THC+0.687 (r = 0.949). Model II was derived from linear regression analysis of plasma THC-COOH/THC ratios versus elapsed time after marijuana smoking: log h = 0.576 log THC-COOH/THC À 0.176 (r = 0.919). Both models were validated with data from 9 clinical studies involving marijuana administration and GC/MS determination of cannabinoids in plasma samples (n = 168), for which dose and time of drug use were known. Model I accurately predicted the elapsed time after marijuana use for infrequent and frequent smokers but was less accurate after oral administration. Model II accurately predicted the time of marihuana use for samples from infrequent smokers and after marijuana ingestion but was somewhat less accurate than Model I for samples from frequent smokers. However, Model II tended to overestimate the postconsumption interval for samples from frequent smokers. Recently, based on data from controlled oral THC administration trials, further evidence for the usefulness of the predictive models for estimating the time elapsed since drug use was provided, even after multiple oral use (hemp oil and dronabinol). 60 In Germany, the so-called cannabis influence factor (CIF) is recommended as a useful tool to interpret acute effects in cases of driving under influence and to indicate a recent cannabis use. The CIF is calculated: CIF ¼ THC ½ng=mL 314:5 þ 11-OH-THC ½ng=mL 330:5 THC-COOH ½ng=mL Â 0:01 344:5 THC concentrations and the CIFs were compared with the frequency of deficiency symptoms or driving errors in some hundred cases. 61, 62 There were a lot of cases with a relatively low THC concentration (and a high CIF) in which strong cannabis effects have been documented, and other cases with a relatively high THC concentration (and a low CIF) in which no effects have been observed. The CIF was demonstrated to be an additional tool to interpret the concentrations of THC and its metabolites in plasma/blood in forensic cases, and therefore it was proposed to assume absolute driving inability as a result of cannabis intoxication from a CIF Z10. 63 Additionally, a higher CIF is indicative for a recent cannabis abuse. In Figure 3 an example for the better correlation between conspicuous driving symptoms and the CIF compared with the THC concentration is demonstrated. However, according to new results traffic accidents occur more often in the subacute phase of intoxication, ie, 2 to 6 hours after consumption of cannabis products characterized by a moderate CIF, whereas in the acute intoxication phase defined by a high CIF (during the first 2 hours) an extremely reserved way of driving was observed together with symptoms of a central attenuation and conspicuous driving behavior. 64 In parts of Germany, another procedure is used for a discrimination between a one-off/occasional use of cannabis and regular drug consumption. 65 Because of the long plasma half-life of THC-COOH of approximately 6 days, 30 its accumulation in the blood of regular cannabis consumers can be observed. In routine tests, blood samples have to be taken within a prescribed 8-day period. Considering the empirical finding that a THC-COOH plasma concentration >150 ng/mL was found only in regular cannabis users some hours after the last consumption 61 and that the t 1=2b for THC-COOH is approximately 6 days, a THC-COOH concentration >75 ng/ mL within the 8-day period was assumed to be associated with regular consumption of cannabis products. Plasma THC-COOH concentrations below 5 ng/mL were associated with occasional consumption, based on results from studies on marihuana smoking, when THC-COOH levels <5 ng/mL were reached after 2 to 3 days. 4 In Table  2 the interpretation of THC-COOH plasma concentrations with following measures concerning the driving ability together with own data are demonstrated.
For all models described above, the stability of analytes, especially of the THC-COOH glucuronide has to be taken into account. It was demonstrated that for a given storage time and temperature the decrease in plasma was higher than that in urine. 36 
Hair Analysis
Hair analysis complements blood and urine analyses and is routinely applied in clinical and forensic toxicology. 66, 67 Hair tests offer some advantages over other assays; the collection of hair specimens is less embarrassing and intrusive for study subjects. Hair analysis allows a cumulative reflection of long-term abuse. Another advantage of hair samples is that they can be stored at room temperature and do not need to be directly analyzed after collection. Furthermore, the window of detection of drug abuse in hair tests is considerably wider than that of blood or urine assays and is only limited by the length of the hair; it typically ranges from a week to several months (hair growth approximately 1 cm per month). There are multiple mechanisms for the incorporation of cannabinoids in hair. Besides incorporation from blood capillaries into the hair bulb, substances also may diffuse into hair from sebum or sweat secreted onto the hair shaft or onto the skin surface. Because cannabis is primarily smoked, there also is a probability for environmental contamination of hair with cannabinoids in cannabis smoke. THC, and especially the main metabolite THC-COOH, have a very low incorporation rate (ICR) into hair, with a 3600-fold difference between the ICR of cocaine and that of THC-COOH, the latter being the drug with the lowest ICR investigated so far. 68 Additionally, the comparatively neutral and lipophilic THC is not highly bound to melanin, resulting in much lower concentrations of THC in hair compared with other drugs. Most analytical procedures for the analysis of cannabinoids in hair samples involve only THC, sometimes together with cannabinol and cannabidiol.
In comparative studies, a relatively high number of cases was described in which hair tested ''negative'' but urine was ''positive'' for cannabinoids in drug users. [69] [70] [71] This phenomenon is indicative of the assays' failure or the assays' limited sensitivity to detect THC in the hair. Additionally, all these substances are present in cannabis smoke and also can be incorporated into the hair only by contamination. Generally, washing procedures should prevent false-positive results, but finally it cannot be excluded that traces of THC may be found in hair after mere passive cannabis smoke exposure. THC-COOH is not present in cannabis smoke, thus eliminating the possibility of passive exposure from the environment. However, in hair samples THC-COOH is present in the fg-to pg/mg range, which requires special analytical procedures, such as GC/MS/MS techniques 72, 73 or GC/ MS in negative ion chemical ionization mode (GC/MS-NCI). [74] [75] [76] Unlike for other illicit drugs, hair lacks the sensitivity to act as a detector for cannabinoids. The most appropriate strategy to prove cannabis consumption is an immunochemical initial test followed by a GC/MS/MS confirmation of THC-COOH. 77 
CONCLUSIONS
Biologic specimens, such as urine, blood, and hair, are useful as objective indicators of substance abuse. However, because all have different inherent limitations in measuring the timing, duration, frequency, and intensity of drug use, the material of choice depends on the circumstances and special analytical problems. For confirmation of abstinence from cannabis abuse, urine analysis seems to be a useful tool. Serial monitoring of THC-COOH to creatinine ratios can differentiate between recent drug use and residual THC-COOH excretion. For an assessment of the extent of cannabis use, the determination of free and bound THC-COOH as well as THC and 11-OH-THC glucuronides in urine samples are suggested as an useful aid. This procedure is limited to samples obtained within a few days after the last consumption and further studies are necessary for a validation of the procedure. Blood analysis is preferred for the interpretation of acute effects after cannabis abuse. The cannabis influence factor was demonstrated to be an additional tool to interpret the concentrations of THC and its metabolites in blood in forensic cases. Additionally, discrimination between one-off/occasional use of cannabis and regular drug consumption is possible by analysis of THC-COOH in blood samples because of the long plasma half-life of THC-COOH and its accumulation in the blood of frequent cannabis consumers. Unlike for other illicit drugs, hair analysis lacks the sensitivity to act as a detector for cannabinoids. THC and especially the main metabolite, THC-COOH, have a very low incorporation rate into hair and the comparatively neutral and lipophilic THC is not highly bound to melanin, resulting in much lower concentrations of THC 
